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We use angle-resolved photoemission spectroscopy to extract the band dispersion and the Fermi 
surface of BaCu 2 As 2 and ct-BaCu 2 Sb 2 . While the Cu Sd bands in both materials are located around 
3.5 eV below the Fermi level, the low-energy photoemission intensity mainly comes from As 4p states, 
suggesting a completely filled Cu 3d shell. The splitting of the As 3d core levels and the lack of 
pronounced three-dimensionality in the measured band structure of BaCu 2 As 2 indicate a surface 
state likely induced by the cleavage of this material in the collapsed tetragonal phase, which is 
consistent with our observation of a Cu^^ oxydation state. However, the observation of Cu states 
at similar energy in Q;-BaCu 2 Sb 2 without the pnictide-pnictide interlayer bonding characteristic of 
the collapsed tetragonal phase suggests that the short interlayer distance in BaCu 2 As 2 follows from 
the stability of the Cu^^ rather than the other way around. Our results confirm the prediction that 
BaCu 2 As 2 is an sp metal with weak electronic correlations. 

PACS numbers: 74.70.Xa, 74.25.Jb, 79.60.-i, 71.20.-b 


Even today, the cuprate superconductors constitute 
the family of unconventional superconductors exhibiting 
the highest critical temperatures. The parent compounds 
of the cuprates are strongly correlated materials with 
Cu in the 3d^ configuration (Cu^+) bridged by oxygen. 
Chalcogen and pnictogen atoms also serve as bridges in 
the layered Fe-based superconductors, for which typical 
electronic band renormalization factors of 2-5 are usually 
found [1]. Naively, one would expect that a Cu-based 
material crystallizing in the same crystal structure as a 
Fe-based superconductor should also show strong elec¬ 
tronic correlations and possible superconductivity, thus 
motivating the study of such compounds. Not only su¬ 
perconductivity is not observed in BaCu 2 As 2 [2], this ma¬ 
terial has been predicted to be an sp metal with a filled 
3(i shell [3]. Unfortunately, there is still no spectroscopic 
evidence supporting this scenario. 

Here we report an angle-resolved photoemission spec¬ 
troscopy study of the electronic band dispersion and 
the Fermi surface of BaCu 2 As 2 and (a-BaCu 2 Sb 2 . Our 
photon energy-dependent study reveals that the Cu 3d 
states are located around 3.5 eV below the Fermi level 
(Ei?), whereas the intensity around Ep is mainly de- 


* p.richard@iphy.ac.cn 

1 Present address: Department of Mechanical Engineering and 
Materials Science, Duke University, Durham, NC 27708, USA 
^ dingh@iphy.ac.cn 


rived from As 4p states. The experimental Fermi sur¬ 
faces of both materials are very similar and qualitatively 
consistent with that of (a-BaCu 2 Sb 2 derived from gener¬ 
alized gradient approximation (GGA) calculations. Ex¬ 
cept for the lack of three-dimensionality in BaCu 2 As 2 
associated with a surface state following the cleavage of 
samples in the collapsed tetragonal phase, the exper¬ 
imental band dispersion are also consistent with non- 
renormalized GGA calculations, suggesting the absence 
of strong electronic correlations. Our ARPES results 
indicate that BaCu 2 As 2 and a-BaCu 2 Sb 2 have a fully 
filled Cu 3d shell and that the stability of this elec¬ 
tronic configuration favors the collapsed tetragonal phase 
of BaCu 2 As 2 . 

Large single-crystals of BaCu 2 As 2 and a-BaCu 2 Sb 2 
were grown by the self-flux method [2]. ARPES mea¬ 
surements were performed at the PGM and APPLE- 
PGM beamlines of the Synchrotron Radiation Center 
(Wisconsin) equipped with a VG-Scienta R4000 ana¬ 
lyzer and a SES 200 analyzer, respectively. The energy 
and angular resolutions for the angle-resolved data were 
set at 10-30 meV and 0.2°, respectively. The samples 
were cleaved in situ and measured at 20 K in a work¬ 
ing vacuum better than 5 x 10“^^ Torr. In the fol¬ 
lowing, we label the momentum values with respect to 
the 1 Gu/unit cell Brillouin zone, and use d = cj^ as 
the distance between two Gu planes. Raman scatter¬ 
ing measurements were performed using Argon-Krypton 
laser lines in a back-scattering micro-Raman configura- 
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FIG. 1. (Color online) (a) and (b) Polarized ab plane Raman 
spectra of BaCu 2 As 2 and (a-BaCu 2 Sb 2 at 294 K. Insets: cor¬ 
responding crystal structures, (c) Core levels of BaCu 2 As 2 
and (a-BaCu 2 Sb 2 recorded at 180 eV. The inset zooms on the 
As 3d and Sb 4d core levels of BaCu 2 As 2 and a-BaCu 2 Sb 2 , 
respectively, (d) Comparisons of the core levels of BaM 2 As 2 
for M = Fe, Co and Cu, recorded at 180 eV. The insets show 
the zooms on the As 3d core levels and the valence band. 


tion with a triple-grating spectrometer (Horiba Jobin 
Yvon T64000) equipped with a nitrogen-cooled CCD 
camera. In this manuscript, we define x and y as the 
directions along the a or b axes, oriented 45° from the 
Cu-Cu bounds, while x' and y' are defined as the Cu- 
Cu directions. We performed first-principles calcula¬ 
tions of the electronic band structure by using the full- 
potential linearized-augmented plane-wave (FP-LAPW) 
method implemented in the WIEN2K package for the 
crystal structures of BaCu 2 As 2 and (a-BaCu 2 Sb 2 [2]. The 
exchange-correlation potential was treated using the gen¬ 
eralized gradient approximation (GCA) based on the 
Perdew-Burke-Ernzerhof (PBE) approach [4]. 

The crystal structures of BaCu 2 As 2 and (a-BaCu 2 Sb 2 
are closely related, as illustrated by the insets of Eigs. 
[^a) and Bb). While BaCu 2 As 2 has the same crystal 
structure as BaEe 2 As 2 , described by the space group 
D 4 ^ (I4/mmm), a-BaCu 2 Sb 2 , characterized by the space 
group D4^(P4/nmm), has the relative positions of the 
Sb and Cu atoms exchanged in two successive layers. To 
confirm that our samples of BaCu 2 As 2 and (a-BaCu 2 Sb 2 
have different crystal structures, we recorded Raman 
spectra at room temperature with incident and scattered 
light polarized in the ab plane. Our analysis predicts 
4 Raman active modes in BaCu 2 As 2 (Ai^+Bi^+2E^) 
and 9 in (a-BaCu 2 Sb 2 (3Ai^+2Bi^+4E^). While the in¬ 
plane polarization used does not allow us to detect E^ 
modes, the Ai^ (related to the vibration of the pnic- 
togens along the c-axis) and Bi^ (related to the vibra¬ 
tion of Cu) channels are accessible in the z{x'x')z and 
z{x'y')z configurations, respectively. The experimental 
results for BaCu 2 As 2 and (a-BaCu 2 Sb 2 are shown in Eigs. 


I^a) andWb), respectively. We observe an Ai^ mode at 
108.9 cm^ and a Bi^ mode at 198.2 cm“^ in BaCu 2 As 2 , 
whereas 3 Ai^ modes at 70.4 cm“^, 104 cm“^ and 121.4 
cm“^ and 2 Bi^ modes at 108.7 cm“^ and 113.4 cm“^ are 
detected in (a-BaCu 2 Sb 2 . Although additional weak and 
unidentified peaks are also detected, the spectra of our 
BaCu 2 As 2 and (a-BaCu 2 Sb 2 samples are clearly differ¬ 
ent, thus proving that they correspond to different crystal 
phases. 

We then confirm the elemental composition of our sam¬ 
ples by showing the core level spectra of BaCu 2 As 2 and 
(a-BaCu 2 Sb 2 in Eigs. [^c). In both materials we detect 
the Ba 4d and Cu 3p core levels around 90 and 75 eV of 
binding energy (E^), respectively. As expected, the spec¬ 
trum of BaCu 2 As 2 exhibits additional peaks around 41 
eV corresponding to the As 3d states that do not appear 
in the spectrum of (a-BaCu 2 Sb 2 . However, 4 features 
instead of 2 are observed, suggesting a surface state sim¬ 
ilar to the one reported previously for the EuEe 2 As 2 -a:Pa: 
system [5]. The spectra of (a-BaCu 2 Sb 2 exhibits 4 peaks 
around Eb = 32 eV assigned to the Sb Ad electronic 
states. In this case though, the existence of four Sb 
peaks does not indicate the presence of a surface state 
since the crystal structure of (a-BaCu 2 Sb 2 itself contains 
2 inequivalent Sb sites. 

A rigid band shift is the simplest assumption one can 
make when describing the effect of doping. When consid¬ 
ering only the shape of the quasi-particle dispersions, this 
assumption works surprisingly well in the (Ba,K)Ee 2 As 2 
and Ba(Ee,Co) 2 As 2 systems [6], despite a strong depen¬ 
dence of the strength of correlations and coherence on the 
filling [7]. It is also still valid when the filling of the 3d- 
shell reaches 7 electrons in BaCo 2 As 2 [8]. As illustrated 
in the left inset of Eig. 0d) that compares the As 3d 
core levels of BaEe 2 As 2 , BaCo 2 As 2 and BaCu 2 As 2 , the 
As3d core levels in BaCo 2 As 2 are downshifted in energy 
compared to their energy position in BaEe 2 As 2 , indicat¬ 
ing an upward shift of the chemical potential. Assuming 
that the Cu 3d shell in BaCu 2 As 2 contains 9 electrons as 
in the cuprates, a large downshift of the core level posi¬ 
tion should be observed. In contrast, the center of gravity 
of the As 3d core levels in BaCu 2 As 2 is found nearly at 
the same energy as in BaEe 2 As 2 . This indicates clearly 
that the rigid band shift approximation is no longer valid 
and that other effects, such as the electronic valency of 
As, must be considered. A direct corollary is that the 
valency of the Cu atoms, which have As as ligands, may 
also be strongly affected. 

To check this latter scenario, we performed ARPES 
measurements of the valence states. In Eig. I^a) we dis¬ 
play the photon energy {hiz) dependence of the ARPES 
intensity dX Ep recorded along F-M in BaCu 2 As 2 . Al¬ 
though the intensity is modulated along kz^ the momen¬ 
tum position of the features observed varies very little 
with suggesting a quasi-two-dimensional electronic 
structure. Thus, we can tentatively assign the hiz values 
41 eV and 36 eV io kz = ^ and kz = tt, but we cannot 
unambiguously determine which one is which. Despite 
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FIG. 2. (Color online) (a) Photon energy {hv) dependence 
of the ARPES intensity (integration within zb 10 meV) in 
BaCu 2 As 2 recorded at 20 K along P-M. (b) Corresponding 
EDCs curves, (c) hv dependence of the spectral weight in 
BaCu 2 As 2 integrated within the [-4, -3] eV (red) and [-1, 0] 
eV (blue) energy ranges. The inset shows the Cu 3(i and As 
4p photoemission cross sections, (d)-(f) Same as (a)-(c) but 
for (a-BaCu 2 Sb 2 . 
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a different crystal structure, very similar results are ob¬ 
served for (a-BaCu 2 Sb 2 , as shown in Fig. Hd), except 
that the kz values associated with hu = 36 eV and 41 eV 
are exchanged. 

The hu dependence of the normal emission energy dis¬ 
tribution curve (EDC) in BaCu 2 As 2 and (a-BaCu 2 Sb 2 are 
displayed in Figs. nib) and[|; e), respectively. Unlike the 
ferropnictide materials, for which strong spectral weight 
associated to the Fe 3d states is observed near Ep [9], 
BaCu 2 As 2 and a-BaCu 2 Sb 2 exhibit only very small in¬ 
tensity at Ep. On the other hand, the Cu-pnictides show 
a very strong peak around 3.5 eV below Ep^ In Fig. [^c) 
we compare the spectral intensity of the normal emis¬ 
sion EDCs integrated in the [-4, -3] eV and [-1, 0] energy 
ranges. The hv dependences of these spectral intensities 
show different trends, thus indicating that their origin is 
different. While the spectral intensity in the [-4, -3] eV 
range increases with hv increasing from 22 eV to about 
60 eV and then slowly decreases, the spectral intensity 
near is at its highest at low hv values and drops with 
hv increasing. Besides additional features, like the small 
peaks around 41 eV and 64 eV in the [-1, 0] energy range 
that are likely induced by the kz effect on the photoemis¬ 
sion matrix elements, the intensity of the [-4, -3] eV and 
[-1, 0] eV ranges are qualitatively in reasonable agree¬ 
ment with the photoemission cross sections [10] of the 
Cu 3d and As 4p states, respectively, which are repro¬ 
duced in the inset of[^c). A similar observation is made 
for (a-BaCu 2 Sb 2 , as illustrated by Figs. ie)-(f). 

The results discussed above indicate clearly that most 
of the Cu 3d states are located at about 3.5 eV below 


FIG. 3. (Color online) (a) and (b) ARPES intensify plot of 
BaCu 2 As 2 recorded at 20 K (zb 10 meV integration around 
Ep) with 41 eV and 36 eV, respectively. The dots are guides 
for the eye for the Eermi surfaces, (c) Calculated three- 
dimensional Eermi surface of BaCu 2 As 2 . (d) and (e) Same 
as (a) and (b) but for o-BaCu 2 Sb 2 . (f) Calculated three- 
dimensional Eermi surface of o-BaCu 2 Sb 2 . (g) Calculated 
GCA Eermi surface of BaCu 2 As 2 at = 0 (red) and kz = tv 
(blue), (h) Calculated GCA Eermi surface of o-BaCu 2 Sb 2 at 
kz = 0. (i) Calculated GCA Eermi surface of a-BaCu 2 Sb 2 at 
kz = tt . 


Ep. We thus conclude that unlike in the cuprates, the 
3d shell of Cu is completely filled, an experimental con¬ 
clusion consistent with a previous prediction based on a 
local density approximation (EDA) study of BaCu 2 As 2 
and SrCu 2 As 2 |3]. Experimentally, a Fermi surface dif¬ 
ferent from that of the ferropnictides, essentially made 
of pnictogen states, is thus expected. In Figs. I^a) and 
ib), we compare the Fermi surface intensity maps ob¬ 
tained on BaCu 2 As 2 using hu = 41 eV and 36 eV, re¬ 
spectively. In agreement with the hu dependence of the 
intensity plot shown in |^a) and despite a redistribu¬ 
tion of spectral intensity along the Fermi surface, the 
measured Fermi surfaces for these two set of data are 
surprisingly similar, indicating a quasi-two-dimensional 
electronic structure. This is in sharp contrast with our 
GCA calculation of the three-dimensional Fermi surface 
of this material, which are displayed in Fig. |^c), as well 
as with the calculated Fermi surface cuts dit kz = 0 and 
kz = TT, shown in Fig. [^g). Even more surprising is 
the strong resemblance between the results recorded on 
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FIG. 4. (Color online) Comparison of unrenormalized GCA calculations (red curves) and curvature intensity plots for the 
electronic dispersion along high symmetry lines: (a) BaCu 2 As 2 at 41 eV, GCA at kz = 0. (b) BaCu 2 As 2 at 36 eV, GGA at 
kz — TT. (c) (a-BaCu 2 Sb 2 at 36 eV, GGA at kz — 0. (d) (a-BaCu 2 Sb 2 at 41 eV, GGA at kz — tt. (e)-(f) Same as (a) and (b) 
but with the calculations done for a hypothetical BaCu 2 As 2 compound where we have lowered the crystal symmetry as if two 
consecutive CuAs layers were inequivalent, in order to simulate the surface. The relative variation of the As height position 
with respect to the Cu plane, for the two consecutive As layers, C? is fixed to 0. (g)-(h) Same as in (e) and (f) but for the 
parameter = 5%. 


BaCu 2 As 2 , and those recorded on (a-BaCu 2 Sb 2 , which 
are displayed in Figs. id) and l^e) , although the fea¬ 
tures obtained for (a-BaCu 2 Sb 2 are broader, which we 
attribute to a bad surface quality due to the difficulty 
of cleaving this material with strong Cu-Sb inter-layer 
bonding. Unlike BaCu 2 As 2 , (a-BaCu 2 Sb 2 is predicted to 
have a two-dimensional Fermi surface, as illustrated in 
Fig. [^f) and by the Fermi surface cuts at = 0 and 
kz = TT given in Figs. ih) and[^i), respectively. 

In Fig. 1^ we display the ARPES curvature m inten¬ 
sity plots of BaCu 2 As 2 and (a-BaCu 2 Sb 2 recorded at 20 
K along some high-symmetry lines with 41 eV and 36 eV 
photons. As mentioned above, the quasi-two-dimensional 
nature of the experimental Fermi surfaces prevents us 
from identifying unambiguously which one corresponds 
to kz = 0 and which one corresponds to kz = tt, but our 
hu dependence data suggest that the roles are exchanged 
in BaCu 2 As 2 and (a-BaCu 2 Sb 2 . For these plots we tenta¬ 
tively assume that 41 eV corresponds to kz = 0 {kz = tt) 
in BaCu 2 As 2 ((a-BaCu 2 Sb 2 ). Except for a few obvious 
discrepancies, like the absence of electron pocket at F in 
the experimental data and the position of the hole-like 
dispersion around F, the GGA calculations at kz = 0 
capture well the main features observed experimentally, 
without any renormalization. A similar comment can be 
made for (a-BaCu 2 Sb 2 , although in that case the agree¬ 
ment of the experimental data and the GGA predictions 
for the location of the Cu 3d bands is slightly worse. 

Given the indications of the presence of a surface state, 
we have tried to understand the striking resemblance of 
the measured BaCu 2 As 2 spectral function with the one 
of (a-BaCu 2 Sb 2 , by assuming that the ARPES spectra 
display a substantial contribution from the surface layer. 
In BaFe 2 As 2 , a surface relaxation that consists essen¬ 


tially in an elongation of the As-height at the surface has 
been studied in Ref. [12] . The result of such a structural 
surface relaxation is that the two FeAs layers of the sur¬ 
face unit cell are no longer equivalent, putting the surface 
crystal structure in the same symmetry group as the bulk 
of (a-BaCu 2 Sb 2 - namely P4/nmm - where two inequiv¬ 
alent layers appear due to the inversion of Cu and Sb. 
To the best of our knowledge, the precise surface crystal 
structure of BaCu 2 As 2 has not been characterized yet, 
but it seems plausible that the “collapsed” character of 
this phase rather enhances such a structural distortion 
at the surface, and it is safe to postulate that a substan¬ 
tial distortion, leaving the two upper-most CuAs surface 
layers inequivalent, occurs. 

Now, we can speculate that chemically, substituting 
Sb by As does not result in a drastic difference in the 
spectra, as long as the crystal symmetry is preserved. 
We have checked this hypothesis by calculating the band 
structure of a hypothetical BaCu 2 As 2 compound where 
we have lowered the crystal symmetry as if the two lay¬ 
ers were inequivalent. The resulting bands are overlaid 
to the experimental data in Figs. H and 1^. We also 
show the band structure that we obtain if we increase 
the As height by 5% on one of the layers, in Figs. [4^ 
and IT- One of the consequences of such a doubled unit 
cell is that the number of bands in the kz = 0 plane 
is multiplied by two due to folding (Figs. and|^), 
and the dispersion corresponds to a superposition of the 
bands in the kz = 0 and kz = tt plane of the I4/mmm 
structure (Figs. IT and[^). In the kz = tt plane of the 
doubled unit cell, the number of bands is also multiplied 
by two but they are degenerate if the two layers have the 
same structure (Fig. S), while a difierence appears if 
we introduce a distortion (Fig. IT)- While the knowl- 
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edge of the precise surface structure would be needed to 
obtain quantitative agreement, Figs. [^-|^ strongly sug¬ 
gest that the similarity of the BaCu 2 As 2 spectra to the 
(a-BaCu 2 Sb 2 ones can indeed be attributed to a lowering 
of the surface crystal symmetry of the kind we describe. 

Finally, we comment on the configuration of Cu. 
Singh already pointed out [3] that the much shorter c 
parameter in BaCu 2 As 2 as compared to BaNi 2 As 2 and 
BaFe 2 As 2 is suggestive of different bonding in BaCu 2 As 2 , 
which is confirmed by our As 3d core level spectra. 
In fact, comparison of the lattice parameters places 
BaCu 2 As 2 in the collapsed tetragonal phase m, which 
is associated with a stronger As-As interlayer bonding 
[HI US]. However, our results suggest that the strong 
As-As interlayer bonding cannot be the cause of the 3d^^ 
configuration of Cu in BaCu 2 As 2 . Indeed, the 3d Cu 
states in (a-BaCu 2 Sb 2 are located practically at the same 
energy as in BaCu 2 As 2 , despite the absence of Sb-Sb di¬ 
rect interlayer bonding in the former material, thus re¬ 
inforcing previous arguments by Anand et al. based on 
the resemblance of the physical properties of SrCu 2 As 2 
and (a-SrCu 2 Sb 2 [l3]. Interestingly, the Cu dopant states 
in Cu-substituted BaFe 2 As 2 are also found around 3-4 
eV below Ep HU HI], suggesting that Cu-dopants are al¬ 
ready in a +1 oxidation state. This is consistent with the 
absence of any shift in the Cu 2p core level spectra as a 
function of doping HHI, as well as with the suppression of 
magnetic moment and the observation of superconductiv¬ 
ity only for a very narrow Cu substitution range naiio], 
in contrast to substitution of Fe by Co [211 El] [H] . 

However, the clear observation of added electron carri¬ 
ers in Ba(Fei_a,Cua,)a,As 2 [191 EH] indicates that the Cu 
substitution is electron doping nevertheless, suggesting 
that the local As-As and As-transition metal bondings 
are strongly affected, a situation that could be stabilized 
at high substitution levels by the collapsed tetragonal 
phase. Our findings support the hypothesis m that it 


is the stability of the 3d^^ configuration of Cu (Cu+^) 
that favors the collapsed tetragonal phase of BaCu 2 As 2 , 
rather than the other way around. 

In summary, we have performed angle-resolved photoe¬ 
mission spectroscopy measurements on BaCu 2 As 2 and 
a-BaCu 2 Sb 2 to extract their electronic band dispersions 
and Fermi surfaces. We found that most of the Cu 3d 
spectral weight locates around 3-4 eV below Ep, whereas 
the intensity around Ep mainly comes from As 4p bands, 
suggesting a filled Cu 3d shell. The observation of split 
As 3d core levels and the absence of pronounced three- 
dimensionality in the measured electronic structure of 
BaCu 2 As 2 is compatible with a surface state emerging 
from the cleavage of this material in the collapsed tetrag¬ 
onal phase. However, the observation of similar Cu 3d 
states in (a-BaCu 2 Sb 2 without pnictide-pnictide inter¬ 
layer bonding suggests that the stability of the Cu+^ con¬ 
figuration favors the collapsed tetragonal phase rather 
than the other way around. Our study indicates that 
BaCu 2 As 2 and (a-BaCu 2 Sb 2 are sp metals with weak elec¬ 
tronic correlations. 
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